ADDITIONAL INDEX WORDS. stonecrops, green walls, plant adaptation capacity SUMMARY. Adaptation parameters as leaf width, leaf length, mesophyll thickness, number of adaxial and abaxial stomata, and biomass were measured in eight stonecrop species (Crassulaceaae), spider plant (Chlorophytum comosum), and maria's heart (Peperomia tepoztecoana) in vertical greenery system (VGS) and containers (POT). Statistical significance among parameters was probed by t test and principal component analysis was performed to detect global morphological changes. Mexican gem (Echeveria elegans), graptosedum (· Graptosedum 'Vera Higgins'), lavender scallops (Kalanchoe fedtschenkoi), coppertone sedum (Sedum nussbaumerianum), ghost plant (Graptopetalum paraguayense), and jelly-beans (Sedum rubrotinctum) were the species that did not change significantly their morphological traits during growth in the VGS. This provides evidence of the potential for these species to be used in green walls or any VGS while maintaining their characteristic shape and beauty. Graptopetalum (Graptopetalum macdougalli), gray sedum (Sedum griseum), maria's heart, and spider plant showed changes in its morphology during growth in the VGS when compared with growth in POT, indicating a lower potential for adaption to VGS.
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T he scarcity of green areas in urban zones and problems caused by environmental pollution have led to the investigation of alternatives to improve the relationship between human health and plants in urban areas (Gasperi et al., 2015) . Even in countries of low socioeconomic status, people enjoy being surrounded by green spaces and cultivate plants to provide spices, condiments, food, and beauty (Wolf, 2015) . Growing plants in dense urban areas is possible in part because of the invention by French botanist Patrick Blanc, who applied the term mur v eg etal (green wall) to a botanical and structural system for greening buildings (Blanc, 2008) . Subsequently, researchers in urban geography, architecture, and landscape planning have been studying this form of plant production and have defined arrangements allowing vertical cultivation as green infrastructure [GI (P erez et al., 2014) ].
Green structures can be classified as an interconnected network of natural and seminatural elements capable of providing multiple functions and ecosystem services (Bartesaghi-Koc et al., 2017; Coma et al., 2016 ). This concept includes many different aspects and must consider a high number of variables such as the type of supporting materials, control of water, nutrients, and plants (Perini et al., 2011) . Authors Medl et al. (2017) studied the structure and sustainable vegetation layer in shotcrete walls adjacent to road environments. They reported green walls as a promising technique in terms of establishing an optimal vegetation cover on vertical structures along roads built where there are slopes that can erode and wash away causing landslides and avalanches.
The benefits of greening buildings are well known, principally regarding water use and energy savings in extreme climates (McFarland, 2017; Timur and Karaca, 2013; van den Berg and van den Berg, 2015) , but there is a need to increase the set of native plants with potential to be used in green vertical structures and buildings.
One of the reasons for adapting native plants to a new cropping system as a green roof or green wall was reported by Razzaghmanesh et al. (2014) in a study of the ecological aspects of green roofs in response to hot dry summer conditions. The benefits and adaptation of some native species were considered and evaluated, with the results showing that native succulent species could best tolerate that local climate conditions and had a 100% survival rate compared with other species. Stonecrops offer creative and aesthetic potential as well as high adaptation capacity (L€ uttge, 2004) . Succulent plants can also resist periods of prolonged drought (Nagase and Dunnett, 2010) . Wholeplant growth and competitive ability of succulents depend not only on the photosynthetic rate of individual leaves but also on the geometry and dynamics of its canopy (Givnish, 1988) . The use of plants in outdoor and indoor walls has an aesthetical feature. Covering the wall with plants is possible through a modular living wall system as reported by Manso and Castro-Gomes (2015) 
Materials and Methods
PLANT MATERIAL AND TREATMENTS. The experiment was conducted at Centro Universitario de Ciencias Biologicas y Agropecuarias (CUCBA), located in Rancho Las Agujas, Zapopan, Mexico, in the central part of Jalisco state, between lat. 20°25#30$N and 20°57#00$N, long. 103°19#30$W and 103°39#20$W. This site is 1548 m above sea level and the average annual precipitation is 906 mm.
The species, mexican gem, graptopetalum, ghost plant, graptosedum, gray sedum, coppertone sedum, jellybeans, lavender scallops, spider plant, and maria's heart were used. Plant material was acquired from the CUCBA nursery, which has a collection of southern and central Mexico. These regions can be classified as warm temperate climate with dry winter, according to K€ oppen and Geiger climate classification update map (Kottek et al., 2006) . All species are represented in Fig. 1 . Plants of each species were selected for uniformity based on specific species shape, age, length of plant, and number of branches and were then further divided into three groups of 15 plants, disposed randomly into one of two treatments consisting the first (VGS) in three independent square structures of 25 · 35 inches with a double layer of geotextile, which is soilless and without irrigation system (Fig. 2) . The second treatment consisted of same number of plants of each species grown in 4-inchdiameter plastic POT with 800 cm 3 volume with a substrate mix of 70% v/v peatmoss and 30% fine pumice. No fertilizers were used. Both treatments were placed outdoors in shadecloth (50%) under the same conditions during springtime. The experiment was performed over a 90-d period (March to May). The comparison of treatments is shown in Fig. 3 . The daily light integral was 5.5 molÁm
, air temperature was 12.7°C minimum and 36°C maximum (average 34.5°C), and the relative humidity was 67%.
The same volume of water was provided to VGS and POT system once daily with tap water. The tap water had a pH value of 6.9, electrical conductivity values of 0.27 mSÁcm -1 , total dissolved solids of 230 ppm, 800 ppm of alkaline elements (bicarbonatesodium), and 0.36 mgÁL -1 fluorides. • June 2018 28 (3) PARAMETER AND DATA ANALYSIS. An independent-samples t test was conducted to compare morphological traits (variables) of species grown in VGS and POT. The morphological traits measured were leaf width, leaf length, and mesophyll thickness to detect changes in leaf size. To obtain leaf data for shrub plants, the leaf partial hardening part was chosen, and for rosette shape, the middle part leaf, not the apical and not the basis leaf. The numbers of adaxial and abaxial stomata were obtained to detect changes in adaptation. Data were obtained using clear nail varnish to make an impression of the epidermis in glass slides and coverslips. Impressions were observed on a stereoscopic microscope with ·40 objective. Biomass data were obtained by puncturing a tissue fragment from selected leaves; these samples were weighed before and after oven-drying at 60°C. A principal component analysis with morphological traits as well as stomata and biomass was performed using NTSYS-pc software [version 2.1 (Rohlf, 2009) ] to compare at the same time in each species all parameters and both treatments (VGS and POT).
Results and Discussion
MORPHOLOGICAL TRAITS. The species tested had differential responses in terms of morphological traits. According to the capacity of a single genotype to produce functionally appropriate phenotypes in different environments (Bradshaw and Hardwick, 1989; Sultan, 1995) , the differences observed in both production systems (VGS and POT) offer an alternative picture of plant adaptation. Table 1 shows the results of statistical t test for each species. In terms of leaf size traits (width and length), there were no statistical significant differences (P > 0.5) between growth in the VGS or in POT for mexican gem, graptosedum, lavender scallops, gray sedum, coppertone sedum, and spider plant, but there were statistical significant differences (P < 0.05) for graptopetalum that had bigger leaves in POT and ghost plant that had bigger leaves in VGS. These results show how individual plants respond to different systems in the short term. Responses in leaf anatomy have been reported in several works with stonecrops and other succulents as an indicator to adaptation such as change in size or stomata density per area (Silva et al., 2009; Teeri et al., 1981) . Results for some species indicated no morphological change, which could be because the plants adapt to the soilless cultivation in the geotextile that makes up the VGS. The leaf thickness of the cuticle remained without significant difference in almost all species. However, in VGS maria's heart and ghost plant, leaf thickness increased by 42% and 10%, respectively. These results could be probably due to the easy absorption of water from the geotextile layer and the consequent storage in their leaves. Variations in leaf anatomy such as mesophyll thickness are indicative of adaptation (Nobel et al., 1975; Silva et al., 2014 ) and quantitative differences in leaf thickness response among species have a genetic basis (Teeri et al., 1981) .
In VGS mexican gem, graptosedum, jelly-beans, spider plant, and maria's heart produced more biomass Table 1 . Means and significance of t test for morphological traits of eight species of stonecrops, spider plant, and maria's heart in vertical greenery system (VGS) and containers (POT). and ghost plant, lavender scallops, gray sedum, and coppertone sedum produced less biomass. Graptopetalum showed no significant differences (P > 0.05). The production of biomass is an indicator of the operation of the plant in terms of energy accumulation in the form of carbohydrates (Abrahamson and Caswell, 1989) ; this fact supports the adaptation potential of mexican gem, graptosedum, jelly-beans, spider plant, and maria's heart to VGS.
Species and treatment
ADAXIAL AND ABAXIAL STOMATA. Some species showed differences in the number of stomata (Figs. 3 and 4) . Both abaxial and adaxial stomata were lower in the VGS for graptosedum, mexican gem, spider plant, and maria's heart. Stomatal density depends on environmental conditions, leaf area, and leaf position (Gay and Hurd, 1975) , which might explain the response of the species observed here. Graptopetalum growing in VGS increased its number of abaxial stomata but decreased adaxial stomata. This behavior could be related to differences in water availability because in many cases, water restriction reportedly reduces the number of stomata (Silva et al., 2014) and the capacity of species to manage resource allocation. The differences in stomatal density occurred because of discontinuities both within and between species and genera (Figs. 4 and 5) . This study clearly showed that the number of stomata changed in leaves of plants growing in the two different systems. As reported by AbdulRahaman et al. (2014) , stomata are an important organelle and are useful for determining adaptation (Brzezicka et al., 2015; Hetherington and Woodward, 2003) .
PRINCIPAL COMPONENT ANALYSIS. The principal component analysis allows comparing all traits simultaneously and showed the morphological response of individual plants of each species to POT and VGS. The eigenvalues of the correlation matrix calculated show that the first four components explained 95.67% of the variation among species and treatment. The score of principal component 1 (SCP1) was obtained. The significant positive variables (r > 0.5) for this component were VGS biomass, POT biomass, VGS adaxial stomata, and POT adaxial stomata. In the score of principal component 2 (SCP2), the significant positive variables were VGS adaxial stomata, VGS leaf length, POT adaxial stomata, and POT leaf length. These values determine the position of each individual plant in terms of SCP1 and SCP2 in the biplot graphic and objectively show the contrasting or similar response of plants in VGS and POT (Fig. 6) ; they also highlight species that were significantly different in morphological traits between treatments, such as maria's heart (Fig. 5) . The interrelation of the data obtained from all traits became evident when both the VGS and POT values of all eight succulent species, spider plant, and maria's heart were plotted Fig. 4 . Differences between stomata number in vertical greenery system (VGS) and containers (POT) for abaxial (upper) leaf surface in spider plant, maria's heart, and stonecrop. Fig. 5 . Difference between stomata number in vertical greenery system (VGS) and containers (POT) for adaxial (lower) leaf surface in spider plant, maria's heart, and stonecrop.
together. The position of each plant (represented by dots) in the biplot graph shows the difference between VGS and POT. The species that shows a clear separation based on the variables associated with SCP1 (stomata) were maria's heart, gray sedum, and graptopetalum. Several authors have reported changes in morphology and function of crassulacean acid metabolism (CAM) plants based on the study of these plants in different environments. The results agreed with the study of L€ uttge (2004) that mentions general changes in phenotype produced by changes in light, water, and temperature provided to the plants, as well as responses to deficits in those elements (Winter and Holtum, 2014) .
Conclusions
Leaves are more sensitive to environment than other components of the plant. They also act as receivers of external signals and can react in response to the ability of roots for water uptake and mineral supplies. The morphological traits in leaves studied here show that mexican gem, graptosedum, lavender scallop, coppertone sedum, ghost plant, and jelly-beans were the species that did not change significantly their morphological traits during growth in the VGS. This provides evidence of the potential for these species to be used in green walls or any VGS while maintaining their characteristic shape and beauty.
Graptopetalum, gray sedum, maria's heart, and spider plant showed changes in its morphology during growth in the VGS, meaning a lower potential for adaption to VGS without changes its particular characteristics.
The native environment in which plants originate from influence their genetic basis and the ability of plants to adapt in a system such as VGS. Some of the Mexican native species studied are genetically able to grow under high irradiance, hot temperatures, and low availability of water; these could be the reasons for not changing desired traits as canopy and leaf shape in different environments or grown systems. Mexican gem, graptosedum, lavender scallop, coppertone sedum, ghost plant, and jellybeans are species that can be used in green walls or VGS located outdoors, because its potential showed growing under shadecloth, without irrigation Fig. 6 . Biplots demonstrating separation of morphological traits, biomass, and stomata number for stonecrops, spider plant, and maria's heart in the containers (POT) and vertical greenery system (VGS). Score of principal component 1 associates the variables VGS biomass, POT biomass, VGS adaxial (lower) stomata, and POT adaxial stomata. Score of principal component 2 (SCP2) associates VGS adaxial stomata, VGS leaf length, POT adaxial stomata, and POT leaf length.
system and in the dry season. As with all new technology, there is a requirement for further testing and detailed investigation in various climates to optimize the VGS and to explore new applications of this technology.
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